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[57] ABSTRACT

A wristwatch FM subcarrier paging receiver architec-
ture 1s disclosed that overcomes the many inherent
problems (such as self-oscillation, image responses, spu-
rious local oscillator radiation and interference from
entertainment programming) that are encountered in
this demanding application. The disclosed architecture

~ includes a tunable notch filter front end, an image can-

celling mixer, an automatic gain control circuit, a phase
detector for linear detection, frequency feedback for
distortion reduction, a synthesized local oscillator, and
a frequency plan which can utilize both high and low
side local oscillator injection to optimize performance
in anticipated interference environments.

9 Claims, 1 Drawing Sheet
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1
WRISTWATCH RECEIVER ARCHITECTURE

FIELD OF THE INVENTION

The present invention relates to receivers, and more
particularly to FM broadcast subcarrier paging receiv-
ers adapted to be worn on a user’s wrist.

BACKGROUND AND SUMMARY OF THE
INVENTION

Radio paging systems are increasingly becoming part
of the infrastructure of our “information age” society.
No longer is their use limited to summoning doctors and
emergency response technicians. Instead, they are used
for virtually all communications tasks. Commonplace
applications for radio paging systems now include of-
fice paging (in lieu of public address paging) and relay-
ing grocery lists to spouses on their ways home from
work.

While radio paging systems have previously been
local in nature, newer systems offer virtually instant
point-to-point communications anywhere on the globe.
U.S. Pat. No. 4,713,808 to Gaskill et al., the disclosure
of which is incorporated herein by reference, is exem-
plary of such new global paging technology.

Before radio paging systems can become truly ubiqui-
tous, the reeewmg technology used in the personal
pagmg receivers must be improved, both in conve-
nience and technological sophistication. Traditionally,
paging receivers have been box-like devices that must
be clipped to a belt. More recently, pocket pagers have
been developed. However, both of these two ap-
proaches still require the user to carry an additional
item on his or her person.

More promising is the approach disclosed in the Gas-
kill patent in which a pager is incorporated into a con-
ventional electronic wristwatch. Although much more
convenient than prior art paging receivers, the patented
Gaskill system confronts several technical challenges.

One is the reception of very low level signals. The
preferred embodiment of the exemplary Gaskill system
encodes the paging signals on a subcarrier of a conven-
tional FM broadcast transmission. While the effective
radiated power of such broadcasts is often quite high,
wristwatch paging receivers are constrained to use
antennas of very limited effective aperture (typicaily
the wristband of the watch). Consequently, the signals
they receive are inherently quite small in magnitude.
~ Furthermore, these wristwatch receivers must be able
to operate in areas of fringe FM reception.

A related difficulty is feedback. A wristwatch re-
ceiver must amplify the weak signal obtained by its
small antenna tens of billion-fold if the signal is to be
adequately decoded by a pager decoder. While such
amplification ratios have been achieved in conventional
prior art receivers, the small physical size of the wrist
mounted receiver (typically less than one inch square)
makes the avoidance of feedback a very difficult task.
Obtaining the requisite isolation between input and
output 1s further exacerbated by the VHF frequencies at
which the exemplary Gaskill system operates (typically
100 megahertz). At these frequencies, normally negligi-
ble stray capacitances become substantlal and provide
undesired feedback paths.

Still another d1fﬁcu1ty with FM subcarrier wrist-
watch paging receivers is that of obtaining the requisite
degree of selectivity. This function is performed by the
baseband decoder circuitry but requires that the preced-
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ing stages exhibit a high degree of phase linearity. Since
the paging signals have a relatively low spectral power
density but are broadcast immediately adjacent enter-
tainment programming (which has a high spectral
power density), there is a problem of mixing if the phase
is not kept linear. That is, the entertainment signal
(which is lower in frequency than the subcarrier signal)
may create spectral components in the subcarrier band
by harmonic generation or “cross-modulation” from
third order non-linearities. Such spurious components
can interfere with the decoding of the low spectral
density paging signals.

A related problem i 1S that of spurmus mixer products
This problem, which is present in all receivers, is exac-
erbated here by two factors. One is that the receiver
operates in a frequency band in which it is inundated
with high power broadcast signals on adjacent chan-
nels. Another is that certain of the spurious mixer re-
sponses pose a potential threat to aircraft navigation
systems. These mixer issues are discussed In greater
detail below.

Most FM recetving systems use the heterodyne prin-
ciple to simplify selection of a desired signal and rejec-
tion of undesired signals. The mixers utilized in hetero-
dyning are imperfect. These imperfections allow un-
wanted signals to produce responses in the receiver that
can interfere with reception of the wanted signal. A
“perfect” mixer is one which produces a signal at its
output whose angle (both frequency and phase) is the
sum or difference of the incoming signal and the local
oscillator. The output of this “perfect” mixer contains
no other signals. The three deviations from this ideal
which must be dealt with by receiver designers are
called “spurious responses,” ‘“image responses” and
“intermodulation.”

In order to produce frequencies at its output that are
not present at 1ts input, a mixing device must be nonlin-
ear. The transfer functions of nonlinear devices can be
described as a power series of terms relating the output
to the input. If the output is called O(t) and the input is
I(t), the output can be expressed as:

O(y=a I(t)+a[ IO +as[ I} +

If the input consists of two signals, I(¢)=11(¢) 4+ i2(?),
signals at many different frequencies will be present at
the output. The desired frequency is a result of ‘the
second order term, which, in addition to providing the
square of both input signals (which produces signals at
twice the frequency of each input signal and at DC)
provides the product of the input terms (which pro-
duces signals at the sum and difference frequencies)
The higher order terms produce signals at m*f; == n*f5,
where m and n are integers and {1 and f are the frequen-
cies of the two input signals. |

Considering the case where one of the input signals is
the local oscillator and the other is an undesired signal,
it will be recognized that the undesired signal may pro-
duce outputs (by means of the third and higher order
terms) at the intermediate frequency. It is these higher
order undesired signals that are termed spurious re-
SpONSeES.

Although a complete treatment of the spurious re-
sponse phenomenon is beyond the scope of this discus-
sion, some generalizations are in order. First, virtually
all nonlinear devices are properly characterized by
power series expansions where the a; terms decrease
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rapidly with increasing i, so higher order terms have
responses that are lower in amplitude than the second
order, desired term. Experience has shown that, except
for systems that require very high dynamic range, con-
sideration of responses to the eighth or tenth order is
sufficient to assure “spurious free” operation.

Performance of mixers can be improved if a transfer
characteristic can be designed in which the value of the
a; coefficient is substantially enhanced in relation to all
other a; terms. Certain semiconductor types exhibit this
“square law” characteristic.

The second interference mechanism, the “image re-
sponse,” occurs due to the sum and difference frequen-
cies generated by multiplying the two inputs to the
mixer. It is produced by the same second order terms as
produce the desired response and, as such, cannot be
attenuated by careful design to achieve ideal “square
law” performance. The image response is typically of
equal magnitude to the desired response, for a given
level of signal strength at the desired and image fre-
quencies. The image is the “other difference” frequency
response of the mixer. When the desired signal fre-
quency is below the local oscillator frequency, the
image frequency is above the local oscillator frequency
by the same amount. |

The U.S. FM broadcast spectrum extends from 88 to
108 megahertz. Because the IF used in most FM receiv-
ers is 10.7 megahertz, no image frequencies fall within
the FM broadcast band. (The nearest image is at 109.4
megahertz, caused when the local oscillator is tuned to
98.7 megahertz to receive a broadcast at 88 megahertz,
placing the image at 98.7 plus 10.7). The image band at
109.4 megahertz and above is entirely within the aero-
nautical navigation and communication band. The fre-
quencies up to 118 megahertz (corresponding to images
of FM frequencies up to 96.6 megahertz) are used for
transmission of aeronautical navigation signals by
ground based stations. Aircraft transmitters do not use
these frequencies. The ground based navigation stations
are widely dispersed across the country (probably no
more than ten in the vicinity of any metropolitan area),
are relatively low in power (on the order of a few hun-
dred watts), and are beamed skyward. The remaining
frequencies in the image band are devoted to ground-to-
air and air-to-air communications. The transmitters in
aircraft are the most likely interference from this ser-
vice, except in highly localized areas near airports or
other transmitting points. The aircraft transmitters are
low power (typically less than 25 watts) and are used
intermittently.

There is not enough frequency separation between
the image band and the desired signal band to allow
fixed filtering of the image band from the input to the
mixer if the receiver size is to be kept small enough to be
wrist mounted. Consequently, one embodiment of the
present invention uses a tunable notch filter for image
rejection. Tuning the filter across the input frequency
range in synchronism with tuning of the local oscillator
1s not a simple task if the filter is designed to have sub-
stantial rejection to the image frequencies.

Local oscillator leakage from a down conversion
recetver can also be a significant problem, especially in
the present circumstances, since the local oscillator
tunes across the navigation band. An aircraft relying on
navigation signals from one or more distant transmitters
must receive very weak signals effectively in order to
decode the required navigational information. The na-
ture of the navigation systems is such that interference
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can cause substantial errors in the output information.
Pilots dependent on this erroneous information during
poor weather or other adverse conditions could con-
ceivably fly their aircraft into mountains or other ob-
structions with tragic consequences. (Portable FM re-
ceivers, in addition to meeting stringent local oscillator
radiation specifications, carry warnings against use on-
board aircraft.)

To minimize the problem of local oscillator interfer-
ence with aeronautical services, the receiver of the
present invention (in addition to employing sound de-
sign techniques and complying with applicable FCC
standards) energizes the local oscillator for no more
than a few milliseconds every several seconds of opera-
tion, as more fully described in the Gaskill patent. Thus,
the little stray local oscillator energy that may be radi-
ated from the receiver does not interfere with this radio
navigation service.

The third and final mixer interference mechanism,
“intermodulation,” is a nonlinear effect in which two
unwanted signals interact to interfere with reception of
the desired signal. As noted earlier, nonlinearities cause
mixer outputs at m*f; =n*f, where m and n are inte-
gers, and f; and f; are frequencies of two input signals. If
two signals are separated from one another in frequency
by the same frequency difference as exists between the
one closest to a desired signal and the desired fre-
quency, the nonlinear mixing of these two signals can
produce an output at the desired frequency. It turns out
that all odd-ordered (where m 4 n is an odd number)
nonlinearities can produce intermodulation products.
The higher order products are typically not as strong as
the third order one.

Often the mixer is the limiting facto in intermodula-
tion performance, since it is a device which is deliber-
ately operated in a highly nonlinear fashion. In the
mixer, however, it is not the third and other odd order
terms in the transfer characteristic, but the fourth and
other even order terms which cause intermodulation
responses. It i1s possible to configure a mixer so that it is
balanced either to odd order or even order responses to
thereby obtain some subtraction of undesired responses.
However, since the second order term is required for
mixer operation, and other even ordered terms give rise
to the intermodulation responses, it is not feasible to
obtain rejection of intermodulation problems through
simple balancing techniques.

The FM broadcast band, at least in the United States,
1s typically crowded with maximum power stations in
the geographic areas where the receiver may be used.
Since FM broadcast is a channelized service, the fre-
quency of the intermodulation interference is guaran-
teed to be centered on the desired channel.

The spectral width of the interference, assuming both
interfering stations are modulated with completely un-
correlated entertainment programming material, will be
2.82 times the spectral width of a typical FM station.
This spreading effect is due to the addition of one signal
whose angle is multiplied by two, being statistically
combined with one whose angle is not multiplied in the
intermodulation process. (It is also a result of the nature
of wideband FM, where doubling the deviation doubles
the spectral width.) This effect will assure that spectral
energy from entertainment on the interfering signals
will exist in significant proportion in the spectrum occu-
pied by the signals that ar desired to be received.

In view of the foregoing interference mechanisms, a
need existed for a method to optimize mixer perfor-
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mance in the receiver of the present invention. Two
techniques were ultimately adopted in the present in-
vention: image cancellation and transfer function im-
provement.

Image cancelling mixers use quadrature channels to
cancel the image, which is received as the input spec-
trum inverted about the local oscillator. The input con-
sists of a desired signal at an angular frequency w1, an
undesired signal at the image frequency w; and a local
oscillator at a frequency %p. (The following assumes
w1 <o <©2.)

The two local oscillator drives are 90 degrees out of
phase, as denoted by sine wot and cosine wot. Taking
only the difference terms from the second order nonlin-
earity, output from the mixer driven by cosine wot is:

COS(@W)— 1)t + COS(wo— w2)t
- Likewise, the output of the mixer by sine wot is:
sin(wo— w))t+sin{wo— w2)t

Rearranging the order of the second term of the first
equation to obtain a positive argument:

cos(wp— wi)t+cos(wr —wglt

Likewise, rearranging the second equation yields

sin{wg— )t —sin(w2— wo)t

When the output of the mixer driven by sinwgt, repre-
sented by the last expression, is advanced in phase by 90
degrees, the sine terms becomes cosine terms:

cos{wg— w1t —cos{w)—wg)t
p The combined output of the two mixers is then the
sum of the last two expressions:

2*cos(wp— o)t

Thus, the image frequency term (at [w7 — wg]) is can-
celled in the combined output.

The image cancelling mixer proves an excellent solu-
tion to the image problem in the present invention. The
phase quadrature local oscillators can be derived by
dividing the output of an actual local oscillator at twice
the required local oscillator frequency. An accurate 90
degree phase shift over the narrow IF bandwidth is
relatively easy to achieve. Cancellation ratios of 25 to
40 dB can be expected if the two mixers are fabricated
on the same chip. Considering the low power and spec-
tral density of potential interferers in the U.S. image
band, an acceptable wrist mounted, small signal re-
ceiver can be constructed using an image cancelling
mixer in a downconversion system.

The rejection of unwanted signals is further im-
proved in the present invention by optimizing the mix-
er’s transfer function. As was pointed out above, un-
wanted signals are produced by terms in the power
series expansion of the nonlinear transfer function be-
yond second order. If a mixing device is constructed
which enhances the value of the second order coeffici-
ents in relation to the higher order coefficients, im-
provements in mixer performance translate to larger
dynamic range for the resulting receiver. Another way
. of stating this objective is for the mixer transfer function
to conform to a “square law” characteristic very closely
over the region in which it is operated. To achieve this
desired square law characteristic, the present invention
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employs Gilbert cell multipliers in a silicon bipolar
process.

From the foregoing discussion it will be recognized
that the particular circumstances encountered by an
FM broadcast subcarrier wristwatch receiver introduce
a number of technical difficulties which must be sur-
mounted 1if suitable receiver performance is to be ob-
tained. It 1s a principal object of the present invention to
provide a receiver architecture that overcomes the
noted difficulties and is suitable for application in an FM
broadcast subcarrier wristwatch receiver.

It 1s a more particular object of the present invention
to provide a VHF wristwatch receiver that is not sus-
ceptible to self oscillation.

It is another more particular object of the present
invention to provide an FM wristwatch receiver that
includes an automatic gain control feature to optimize
the receiver’s signal-to-noise ratio and noise floor.

It 1s still another more particular object of the present
invention to provide an FM wristwatch receiver with a
detector having reduced size, cost and distortion out-
put.

It is yet another more particular object of the present
invention to provide a mixer with good square law
transfer characteristics that is operable with very low
battery voltages.

It 1s still another more particular object of the present
invention to provide an FM wristwatch receiver that
provides good immunity to image interference without
bulky tuned circuits.

According to the preferred embodiment of the pres-
ent invention, a wristwatch FM receiver suitable for
paging applications is constructed on a single chip with
a minimum of external components. The receiver in-
cludes a broadband RF amplifier and a phase locked
loop local oscillator. A signal provided by these stages
drives an image cancelling mixer to produce an IF sig-
nal. The IF amplifier chain includes two band pass
filters of different design to avoid co-location of spuri-
ous filter responses. The IF and RF stages are gain
controlled to optimize signal-to-noise performance. The
IF chain drives a synchronous detector which includes
a phase locked loop for producing a voltage signal hav-
ing an instantaneous value related to the instantaneous
frequency of the IF signal. This voltage signal is ampli-
fied by a baseband ampiifier and its output is then low
pass filtered and provided to appropriate decoder cir-
cuits for decoding a subcarrier paging signal. The base-
band amplifier also provides a control signal back to
both the synchronous detector and to the local oscilla-
tor to effect thereby an automatic frequency control
function. All the foregoing elements are fabricated on a
monolithic chip and are enclosed in a small enclosure
adapted to be strapped to a user’s wrist. An antenna,
which may include a part or all of the wrist strap, pro-
vides RF signals to the receiver.

The foregoing and additional objects, features and
advantages of the present invention will be more readily
apparent from the following detailed description, which
proceeds with reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 a block diagram of a wristwatch FM receiver
according to the present invention.

F1G. 2 illustrates a wristwatch paging receiver incor-
porating the FM receiver of FIG. 1.
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DETAILED DESCRIPTION

Referring to FIGS. 1 and 2, the preferred embodi-
ment of the present invention 10 includes an RF stage
12, an IF stage 14 and a baseband stage 16. The RF
stage 12 includes an antenna 18 which may be fabricated
into the wristband 20 of a wristwatch 22 in which the
receiver 10 1s mounted. (A suitable wristwatch enclo-
sure i1s described in the Gaskill et al. patent). The an-
tenna 18 provides RF signals to an antenna tuner stage
24,

Antenna tuner stage 24 can be a varactor controlled
notch filter which also performs limited impedance
matching functions. A tuning voltage is applied to a
tune voltage port 26 from a microprocessor based con-
trol system, such as is discussed in Gaskill et al. This
voltage tunes a voltage-variable capacitor in tuner 24
which places the null of a notch filter at the image of the
frequency to which the receiver is tuned. (This element
of the invention can readily be omitted in alternative
embodiments if image rejection is not a problem).

The antenna tuner 24 also serves a limited impedance
transformation function. The antenna 18 with which the
receiver 10 is used is typically a very small loop and
consequently has a very small impedance. Receiver
performance and noise figure are optimized if this impe-
dance 1s transformed up to more closely match the input
impedance of the following RF amplifier stage 28.

RF amplifier stage 28 is a low noise broadband ampli-
fier tuned for maximum gain in the FM broadcast band
(88-108 megahertz). The maximum gain of RF ampli-
fier stage 28 is approximately 10 dB. Its actual gain is
controlled by an AGC control circuit 30 discussed be-
low. Since there is little in the way of preselector cir-
cuitry in or before the RF amplifier stage 28, the follow-
ing receiver mixer stage 32 is provided with a wide
band of amplified input signals.

To minimize the effect of image signals which pass
the tuner stage 24, mixer stage 32 is configured in an
image cancelling topology. Two individual mixers 34,
36 are driven with quadrature local oscillator signals on
lines 38, 48 from a local oscillator synthesizer 42. High
side injection is generally used, so the local oscillator
tunes the 98.7 to 118.7 megahertz range to vield a 10.7
megahertz intermediate frequency. (In some foreign
countries, the adjoining frequencies are allocated to
different services and it may be desirable to use low side
injection instead).

The output of the mixer 34 driven from local oscilla-
tor hine 38 is delayed 90 degrees and is combined with
the output of the mixer 36 that is driven from the de-
layed local oscillator line 40. The combination of these
signals cancels any image response while reinforcing
the desired signal response. Mixer 32 has a conversion
gain at the desired signal frequency of approximately 7
dB.

The output of mixer stage 32 is provided to an IF
chain 14 comprised of two IF amplifiers 46, 48 and two
ceramic band pass filters 50, 52. Filters 50, 52 are desir-
ably of non-identical design so as to avoid co-location of
spurious filter responses within the IF pass band. The
filters are of chip construction and may be of the SFEC
10.7 series manufactured by Murata. IF amplifiers 46, 48
have gains of approximately 20 dB each and filters 50,
52 have about 6 dB each of loss. The IF amplifiers 46, 48

are gamn controlled, as discussed below, to optimize
signal-to-noise ratio.

8

The output of IF chain 14 is provided to a synchro-
nous, or coherent detector comprised of a mixer 54

 injected with a 10.7 megahertz signal from a second
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local oscillator 58. The synchronous detection tech-
nique permits detection at a much lower signal level
than would be possible if a limiter or discriminator stage
was employed. Consequently, the IF stage gain can be
lower than would normally be the case, thereby reduc-
ing the risk of feedback. Synchronous detection also
requires fewer and simpler off-chip components than
alternative detection techniques and is simpler to adjust.

The local oscillator 58 providing the 10.7 megahertz
signal is locked to the frequency of the IF by a feedback
circuit 56. The 10.7 megahertz signal causes the mixer
54 to yield an output signal on line 62 that is propor-
tional to the frequency of the signal modulating the 10.7
megahertz IF. (The feedback circuit 56 causes the oscil-
lator 38 to lock 90 degrees from the phase of the LF.
signal). This baseband frequency modulated signal is fed
to a low pass fiiter 64 and then to a high gain baseband
amplifier 66. Baseband amplifier 66 has a break point of
about five kilohertz for discrimination against the left
plus right FM stereo channel. This breakpoint also mini-
mizes distortion caused by the main audio channel
bleeding into the subcarrier channel. The high end roll-
off breakpoint is at about 150 kilohertz. The output of
the baseband amplifier 66 is provided to conventional
decoder circuitry, as disclosed in the Gaskill et al. pa-
tent.

A second synchronous detector is also driven by the
IF chain 14 and provides an AGC signal for application
to the RF and IF gain stages. This second synchronous
detector again includes a mixer 68, this one driven from
the 10.7 megahertz local oscillator 58 through a 90
degree phase shifter 60. The output of this mixer 68 is
thus related to the amplitude of the IF signal and can be
used to gain control preceding stages.

The limiting stages found in most FM receivers were
found disadvantageous in the present system. Limiting
does not benefit the receiver’s signal-to-noise or signal-
to-interference ratio due to the low modulation index of
the subcarrier being decoded. Consequently, the auto-
matic gain control technique was employed.

The AGC circuitry 30 employed in the preferred
embodiment of the present invention is disclosed in
pending U.S. patent application Ser. No. 07/196,946 of
Suter entitled “AGC Delay on an Integrated Circuit,”
the disclosure of which is incorporated herein by refer-
ence. An AGC loop filter 70 is a single RC stage with a
break point at about one kilohertz. All other bypassing
of AGC points is done with much higher break points
so that the one pole is clearly dominant.

The illustrated embodiment of the present invention
1S AFC controlled. AFC is effected by a DC component
on a feedback loop 71 produced by synchronous detec-
tor 34. An amplifier 72 is included to insure that the
loop gain is high enough to control local oscillator drift.

The AFC loop controls the synthesized local oscilla-
tor 42 used for high side RF injection. (The feedback
loop 56 to the 10.7 megahertz local oscillator 58 is part
of the phase locked loop synchronous detector). The
synthesized oscillator 42 responds to a DC component
on the feedback loop 71 to adjust its frequency to mini-
mize the resulting DC output from synchronous detec-
tor 34.

The AFC feature is included here not for threshold
extension (which is not viable with a low modulation
Index), but to reduce cross-modulation of entertainment
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energy into the receiver’s subspectrum due to distortion
in the ceramic filters 50, 52. AFC of the synthesizer 42
can be disabled by a switch 74, which can be operated
to apply a fixed reference voltage to the synthesizer 42
instead of the AFC signal.

In operation, a new channel is tuned as follows: with
AFC off (switch 74 to “reference voltage”), the synthe-
sizer 42 tunes the first local oscillator to the desired high
side injection frequency. The synthesizer is then
switched off a the same time the AFC is switched on.
The AFC then maintains the correct frequency of the
first local oscillator 42 during the message reception
interval (until the receiver is switched off to conserve
battery power). |

The synthesizer is switched off in the above routine
because it may cause interference. It incorporates digi-
tal dividers which create harmonics. These harmonics
can interfere with either the RF or IF portions of the
receiver.

Having illustrated the principles of my invention with
reference to a preferred embodiment, it should be ap-
parent that the invention can be modified in arrange-
ment and detail without departing from such principles.
Accordingly, I claim as my invention all such modifica-
tions as may come within the scope and spirit of the
following claims. :

I claim:

1. A wristwatch FM subcarrier receiver comprising:

RF amplifier means for amplifying RF signals;

local oscillator means including a phased lock loop

for providing a local oscillator signal;

image cancelling mixer means coupled to the RF

amplifier means and the local oscillator means for
mixing the RF signals and the local oscillator signal
to produce an IF signal;
gain controlled IF amplifier means coupled to the
image cancelling mixer means for amplifying the
intermediate frequency signal; |

synchronous automatic gain control means coupled
to the IF amplifier means for controlling the gain
of said amplifier means in response to the magni-
tude of its output signal; -
synchronous detector means coupled to the IF ampli-
fier means and including a phased lock loop for
producing a voltage signal having an instantaneous
value related to an instantaneous frequency of the
IF signal;

baseband amplifier means coupled to the detector
means for amplifying the voltage signal produced
thereby; |

enclosure means for enclosing all of the aforesaid

means and adapted to be strapped to a user’s wrist;
and

antenna means for providing RF signals to the RF

amplifier means.

2. The receiver of claim 1 in which the baseband
amplifier means includes means for providing a control
signal back to both the synchronous detector means and
to the local oscillator means to effect thereby an auto-
matic frequency control function.

3. The receiver of claim 1 in which the IF amplifier
means includes first and second filters of different de-
sign to avoid co-location of spurious filter responses.

4. A wristwatch FM paging receiver comprising:

RF amplifier means for amplifying RF signals;

first quadrature local oscillator means for providing

first and second quadrature local oscillator signals;
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image cancelling mixer means coupled to the IF am-
plifier means and the local oscillator means for
mixing the RF signals and the quadrature local
oscillator signals to produce an IF signal;
gain controlled IF amplifier means coupled to the
image cancelling mixer means for amplifying the
IF signal;

automatic gain control means coupled to the IF am-
plifier means for controlling the gain of said ampli-
fier means 1n response to the magnitude of its out-
put signal;

synchronous detector means coupled to the IF ampli-

fier means for producing a voltage signal having an
instantaneous value related to an instantaneous
frequency of the IF signal;

baseband amplifier means coupled to the detector

means for amplifying the voltage signal produced
thereby; |

means for coupling an amplified signal from the base-

band amplifier means to decoder circuitry that
decodes paging information from a subcarrier of
the amplified signal;

enclosure means for enclosing all of the aforesaid

means and adapted to be strapped to a user’s wrist;
and

antenna means for providing RF signals to the RF

amplifier means.

S. The receiver of claim 4 in which the baseband
amplifier means includes a first breakpoint for rolling
off signal components below a first frequency and a
second breakpoint for rolling off signal components
above a second frequency, wherein said first and second
breakpoints bracket a sub-band in which a desired pag-
ing signal subcarrier is modulated.

6. The receiver of claim 4 which further includes a
second oscillator means for providing an IF demodula-
tion signal at a nominal IF frequency, and in which the
automatic gain control means includes a mixer coupled
to the IF amplifier means and to said second oscillator
means for mixing the IF signal and the IFF demodulation
signal to produce an output signal for coupling to an
AGC input of the gain controlled IF amplifier means.

7. The receiver of claim 6 in which the first local
oscillator means and the second oscillator means are
coupled to a common feedback loop to control the
frequencies thereof.

8. The receiver of claim 4 which further includes an
AGC loop filter interposed between the automatic gain
control means and the gain controlled IF amplifier
means.

9. A method of operating a wristwatch FM receiver
to receive paging signals broadcast on a subcarrier of an
FM broadcast signal, the receiver including a local
oscillator, a mixer, an IF amplifier and a detector, the
method comprising the steps:

providing an AFC control line that controls the fre-

quency of the local oscillator in response to either
a signal output from the detector or in response to
a reference voltage, depending on whether an
AFC control switch 1s in first or second positions,
respectively; and

periodically performing the following steps:

energizing said receiver;

providing a reference voltage;

switching said AFC control switch to the second

position so that the frequency of the local oscillator
1s comtrolled by said reference voltage;
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switching said AFC control switch to the first posi-
tion so that the frequency of the local oscillator is

thereafter controlled by the signal output from the

detector, said detector output signal permitting the

receiver to track the frequency of an FM broadcast
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signal received when the AFC control switch was
in the second position;

maintaining said AFC control switch in the first posi-
tion for the remainder of a message reception inter-
val; and

deenergizing the receiver at the conclusion of the

message reception interval.
* * *x xXx ¥
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